Relative Risk [ARR] ¼ 0.91, 95% CI: 0.84-0.99; ARR ¼ 1.40, 95% CI: 1.11-1.72, respectively). These findings will assist emergency medical planners in recognizing occupational and dispositional factors associated with enhanced CBRNE readiness and highlight the important role of training in redressing potential readiness differences associated with these factors.
P
aramedics have an integral role in mass casualty response. They may be called on to attend sites affected by chemical, biological, radiological, nuclear, and explosives-related (CBRNE) agents, including their calculated use by terrorist groups. 1 Identifying factors that support the CBRNE response readiness of paramedics will assist workforce management and development with this critical group of responders.
Effective response to CBRNE terrorism and related incidents requires a ready and willing prehospital workforce. However, recent evidence indicates that this worker population may not always feel prepared, or willing, to respond to such incidents. [2] [3] [4] Their reluctance could undermine the ability of the healthcare system to meet surge capacity needs anticipated for incidents of this kind. 5 A recent nationally representative sample of paramedics showed that concern about infection or contamination predicted significantly lower response willingness, compared to natural disasters such as earthquakes or floods. 2 Medical staff surveyed about their willingness to work in field hospitals during mass casualty incidents were less willing to do so if CBRNE agents were involved. 6 Perceived risk, knowledge of the operating environment, and self-assessed capacity to provide the care required were the factors that most strongly affected willingness to work in such environments.
While safety and capability concerns have been shown to consistently affect response readiness, 7 many of the issues identified are amenable to intervention. 8 For example, inadequate personal protective equipment (PPE) and training have been identified as key constraints of paramedics' CBRNE preparedness and response willingness. [2] [3] This was illustrated during the 1991 Gulf War when Israeli responders faced the prospect of attacks with ballistic missiles potentially armed with chemical and biological warheads. While 42% of healthcare workers indicated willingness to work in this context, this increased to 86% where it was perceived that adequate ''safety measures'' and ''protective equipment'' would be provided. 9 Paramedics with recent CBRNE training consistently report higher willingness to respond to a range of CBR scenarios. 7 Moreover, response willingness generally increases as training quality increases. 2, 3 Reilly and colleagues observed that paramedics' CBRNE response ''comfort level'' increased with progressive levels of training-that is, awareness level, simulation, and ''hands-on'' practice, with the latter format associated with significantly better outcomes for biological and chemical incidents. 3 It has been argued that clear risk assessment frameworks and practical information about how to protect self and family represent key training outcomes likely to increase response willingness. 2 Dispositional factors such as fear or concern have also been shown to adversely affect the readiness of emergency responders, while factors such as personal resilience-that is, the capacity to adapt and respond under conditions of stress or threat-may be associated with higher readiness. Qureshi et al found that fear for self and family was the factor associated with the lowest willingness to work during disaster events among healthcare workers, who also rated biological and chemical incidents as the event types of greatest concern. 8 Paton et al suggest that terrorism, and particularly its CBRNE forms, represent qualitatively different, high threat environments in which individual and team resilience is likely to be critical to the response. 10, 11 They propose that adaptive capacities under conditions of stress be actively identified and developed by organizations prior to critical incidents to support optimal response and post-incident adjustment and learning. In a similar vein, specific occupational factors, such as years of work experience, rank, and education level, have been associated with both positive adaptation to stress and increased risk status in first responder groups 12, 13 and are also examined in this study.
To support workforce development, the aim of this study was to identify demographic, occupational, and dispositional factors associated with paramedic CBRNE response readiness. A number of studies have assessed response willingness in this context in order to estimate health workforce availability, but there has been a relative neglect of the competency perceptions underpinning the actual response of these workers. 3, 7 Competence is critical to the overall readiness of paramedics in this context, reflecting officers' perceived ability to perform their operational role effectively 14 and, consistent with self-efficacy concepts, the level of effort and persistence likely to be invested in facing such challenges. 10 Accordingly, in this study ''response readiness'' is defined as the perceived competence to complete functional roles within CBRNE operational environments, including suspected terrorism. It was hypothesized that specific occupational factors (CBRNE incident experience and CBRNE training) and dispositional factors (lower CBRNE deployment concern and higher personal resilience) would be associated with higher CBRNE response readiness.
Methods
A general population study by Canadian researchers assessing perceived likelihood, concern, and preparedness regarding CBRNE terrorism and related incidents was the basis for the survey instrument used in this study. 15 To these core items were added validated questions regarding concerns for self or family if deployed to a CBRNE incident and perceived competence to respond to CBRNE terrorism-related incidents; these were adapted from DiMaggio et al and Reilly et al, respectively. 2, 3 Wording in the latter item, ''comfort level in responding,'' was changed to ''feel competent to respond,'' to better reflect the outcome variable of interest. Incident response experience was assessed with a single question concerning any prior attendance at a scene affected by the accidental or deliberate release of any CBRNE agent/material. The final question set was established in consultation with NSW Ambulance HAZMAT trainers and specialists. Survey protocols and informed consent procedures were approved by the ethics committees of the Sydney South West Area Health Service (Protocol No. X08-0166) and the University of Western Sydney (Approval No. H5319).
This study was based on a cross-sectional design and consisted of an internet-based survey that was forwarded by e-mail to all state-based paramedic officers in New South Wales in September 2008. The target population was all DETERMINANTS OF PARAMEDIC RESPONSE READINESS FOR CBRNE THREATS state-employed paramedics whose role entailed active operational duties at the time of the survey. The invitation letter contained background information about the survey and an internet web link to the online instrument, which was on a secure server and provided through Survey Monkey (www.surveymonkey.com). The survey was conducted over a 4-week period between September 29 and October 31, 2008.
Outcome Measurements
Definitions of response willingness adopted in previous studies have often not directly assessed functional competence. 2 To address our research questions, response readiness was selected as the outcome variable of interest in the current analysis and was based on self-rated competence to respond operationally to each of the 5 (CBRNE) terrorism scenarios-for example, ''Within my work role I feel competent to respond to the effects of [chemical] terrorism. '' Terrorism was selected as the index CBRNE event, as this allowed assessment of perceived competencies in relation to these agents or materials generally, as well as specific readiness associated with their deliberate use. Examples of specific agents or materials (eg, mustard agents and sarin nerve gas for chemical incidents) were also provided in the question prologues to establish a common focus and set of operational assumptions. Responses were scored on a 5-point Likert scale (''not at all,'' ''a little,'' ''moderately,'' ''very,'' and ''extremely''). The ''response readiness'' indicator was calculated as the combined score across the 5 (CBRNE) response scenarios. Higher scores within the score range (5-25) reflected higher response readiness.
Study Variables
Demographic, occupational, and personal disposition factors were examined to determine their associations with perceived CBRNE response readiness. The demographic and occupational factors were gender, age, marital and parental status, educational qualifications, length of paramedic service, service location (metro, nonmetro), rank, recent CBRNE training (within the previous 3 years), and previous response experience with 1 or more types of CBRNE incident (''incident experience'').
Dispositional factors consisted of separately rated concern for self and concern for family if deployed to a CBRNE incident (''deployment concern'') and self-rated personal resilience. Responses regarding deployment concern were dichotomized, with the responses of ''very'' and ''extremely'' combined into the indicator of interest (ie, high concern). Personal resilience was measured using the abbreviated Connor-Davidson Resilience Scale, the CD-RISC2. 16 This validated, 2-item version of the scale measures perceptions of stress coping ability, with separate items assessing the perceived ability to continue to function effectively in stressful circumstances and the perceived capacity to adapt to change. The CD-RISC2 has been shown to be able to discriminate between general population samples and individuals experiencing clinical anxiety disorders and post-traumatic stress disorder (PTSD), conditions known to be associated with stress-related reductions in coping. This scale is also sensitive to increases in personal resilience associated with pharmacological treatment for PTSD, indicating that resilience is modifiable in the context of such treatment. 16, 17 The scale employs a 5-point response range (0-4). Based on established community norms, 16 an individual's summed scores in the range of 7-8 were regarded as representing high personal resilience in the current study, while scores of 0-6 are consistent with experiencing low/moderate levels of personal resilience.
Data Analysis
All state-employed paramedics in New South Wales were invited to participate in the survey. The precise number who received questionnaires cannot be established as various members were on leave during the study period (eg, recreational leave, staff development, sick leave). Of the completed questionnaires, 663 were suitable for analysis, which represented approximately one quarter of the estimated onduty paramedic workforce with current operational duties (2,900) during the study period. The survey data were weighted to adjust for gender and the 4 different NSW paramedic locations (metro, northern, western, southern), in order to reflect the NSW paramedic population as a whole.
Ratings of perceived personal competence to respond operationally to each of the 5 (CBRNE) terrorism scenarios were summed to form a response readiness score, as described above. Cronbach's alpha coefficients demonstrated that the internal consistency of each item was satisfactory (explosive/conventional, 0.93; chemical, 0.87; biological, 0.87; radiological, 0.89; and nuclear, 0.90). Exploratory data analysis was conducted using frequency distribution for categorical variables, graphs and summary statistics for continuous variables to check the normality of the data. Preliminary analysis showed that the data were skewed, which violated ordinary linear regression assumptions, and therefore Poisson regression was used in the analysis.
In the initial stage, all of the demographic variables were entered into the model, and backward elimination was used to remove nonsignificant factors. In the second stage, combined indicators of incident experience and training were assessed, after controlling for significant demographic variables. In the third stage, deployment concern was assessed after adjusting for significant demographic variables and the combined indictors of incident experience and training. Personal resilience variables were entered into the final model to determine the effect of demographic, deployment concern, and the combined incident experience/training variables on the CBRNE readiness of paramedic officers.
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Survey means and univariate analyses were performed using Poisson regression analysis to determine the mean and relative risk, respectively, of each possible associated factor. This was followed by multivariate analyses, to examine the independent effect of each variable after controlling for other covariates. Relative risk and 95% confidence intervals were determined for each associated factor. The statistical analyses were performed using STATA/MP version 10.0 (Stata Corporation, College Station, TX, 2007), and Poisson regression analyses were fitted using STATA survey commands to adjust for the probability of the 4 different NSW paramedic locations and gender. We considered p 0.05 as statistically significant. All statistical tests were 2-tailed.
Results

Characteristics of the Population Sampled
As summarized in Table 1 , the majority of paramedic respondents were male (68.5%). The locations of respondents were nearly equally represented in the sample. Approximately 83% were married or partnered, and 56.3% had completed a university qualification at the bachelor's level or above. The proportion of paramedics who were in the 16-to 24-year age category was relatively low (2.1%), while those in the 35-to 44-year age category represented the largest respondent group (37%). Approximately 25% of paramedics had recently completed CBRNE training (ie, within the past 3 years), and of that group, 75% also reported CBRNE incident response experience, compared to 43% of those without recent training.
Approximately half of the respondents had children living with them at home. About half (50.5%) reported high personal concern regarding potential deployment to a known or suspected CBRNE terrorist incident. Concern that family members could be affected by such an incident (ie, via secondary contamination or infection) was marginally higher (51.4%). Despite these specific concerns, the majority of paramedics also reported high levels of personal resilience (72.4%). It was noted that there were no major incidents reported in NSW during the period of the survey (late October to late November 2008), particularly regarding potential terrorist incidents or activity, which may have affected the validity of the survey results.
The mean response competence ratings and confidence intervals for each type of CBRNE terrorism incident are presented in Figure 1 . Incidents involving conventional explosives were associated with moderate self-rated response 
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competence and were significantly higher than the ratings for all other agent/material classes, which were, in descending order; chemical and biological (which did not differ statistically), radiological, and nuclear incidents.
Univariate Analyses
Univariate analyses of CBRNE response readiness scores by demographic, occupational, and dispositional risk factor characteristics are shown in Table 2 Paramedics with recent training and incident experience reported significantly higher readiness than those with incident experience but without training (13.6 vs 11.0). Importantly, in the absence of CBRNE response experience, trained paramedics reported significantly higher readiness than those without training (13.2 vs 7.9). Those with lower CBRNE deployment concern for self reported significantly higher readiness than those with high deployment concern (11.3 vs 9.8). Paramedics who had intermediate (10-15 years) and long lengths of paramedic service (greater than 20 years) reported significantly higher readiness than did those with less than 10 years' experience. Those with high personal resilience scores reported higher readiness than did those with low/moderate personal resilience scores (11.7 vs 6.4).
Multivariate Analyses
The results of the multivariate analysis are shown in When demographic, deployment concern, incident experience/training indicators, and the personal resilience variables were controlled for in the final multivariate model, interestingly, the effects of gender, education, and experience were no longer significant. The final multivariate analysis indicated that paramedics with CBRNE training and response experience reported significantly higher readiness than those with incident response experience only (ARR ¼ 0.83, CI: 0.76-0.90). Those with low concerns for themselves regarding terrorism-related CBRNE deployment had significantly higher readiness scores than those with high concerns for themselves (ARR ¼ 0.91, CI: 0.84-0.99). Those with high personal resilience reported significantly higher readiness (ARR ¼ 1.40, CI: 1.24-1.52) than did those with low/moderate personal resilience.
Discussion
This survey provides the first Australian report on the factors associated with paramedic perceptions of response readiness for CBRNE terrorism and related incidents. The state representative sample, appropriate adjustment for sampling weight, and use of validated items are particular strengths of this study. The results highlight important differences in perceived CBRNE response readiness within the paramedic population associated with key occupational and dispositional risk factors.
The univariate analysis indicated that recent CBRNE training and high perceived personal resilience were the factors associated with the highest level of CBRNE response readiness. Importantly, although the multivariate analysis identified female gender, nontertiary education, and shorter length of service as risk factors for response readiness, training was found to negate these effects. Such findings are of particular practical value in that the acquisition of core response competencies, via training, is an area over which organizations have considerable control. 3, 18 These results also support other recent findings that the provision, timeliness, and quality of paramedic CBRNE training is associated with both higher willingness to respond to such incidents 2 and greater confidence in operational competencies. 3 The latter factor, in particular, relates to the readiness measure employed in this study. Consistent with our original hypotheses, the results of the final multivariate model showed that perceived CBRNE response readiness was predicted by the following factors: combined CBRNE response experience and recent training, lower concern for self regarding CBRNE deployment, and high personal resilience. A notable exception to the predicted relationships was that high concern for family specifically related to these deployments did not significantly affect perceived readiness.
Although training emerged as a strong predictor of readiness, the findings regarding CBRNE response experience were more equivocal. We anticipated that response experience might make an independent contribution to readiness perceptions beyond the effects of training alone, but this was not the case. Both training and experience were significant univariate factors. However, when examined as a combined indicator, CBRNE response experience added little to the overall effects of training (see Table 3 ).
More importantly, among those without recent training, having CBRNE incident experience did not result in significantly higher response readiness for potential CBRNE terrorist incidents. This could indicate a perception among 
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these workers that knowledge gained from ''routine'' CBRNE incidents or alerts does not specifically enhance preparedness for CBRNE-related terrorism or, similarly, that incident debriefings do not usefully extend lessons learned to such threats.
Further examination of this issue is needed, however, to determine if the nature of CBRNE experience (unmeasured in this study) may be an important consideration. For example, higher cumulative CBRNE incident experience and/or response to particular agents or materials, in the absence of recent training, may be found to be associated with higher perceived readiness.
While CBRNE incident experience may make these operational environments more familiar, Paton et al argue that the absence of training may limit the organizing structure workers are able bring to high-threat incidents and could promote a perceived lack of control at these times. 10 As noted, competency-based or hands-on training may be particularly effective, primarily because it promotes the integration of theory and application through experiential learning, consolidating skill sets through practice and feedback. 18, 19 Unlike real event exposure, training allows error correction and the psychomotor mastery of complex skills (eg, patient care while wearing PPE) in a safe learning environment.
3 This is consistent with the specific elements of CBRNE training thought to enhance response willingness: the provision of detailed risk assessment frameworks and specific actions to protect oneself and one's family. 2 Future research could identify the training modalities that are most effective in developing such competencies, including their effective components (eg, situational awareness skills, complex decision making), and also the skills development relationship between training and incident experience. One practical implication of the current findings, however, may be the preferential CBRNE deployment of personnel with recent training over those with incident experience alone.
The aims of CBRNE terrorism are inherently psychological-that is, designed to invoke fear. 20 Thus, enhancing the capacity of responders to adapt to such threats is a logical form of counterterrorism. Despite this, the study of protective ''dispositional'' factors in this response context remains limited. 21 In this study, high personal resilience and low concern for self regarding CBRNE deployment both predicted higher perceived readiness. This supports other findings showing that high perceived threat or concern predicted lower CBRNE response willingness among paramedics and healthcare workers. 2 The Qureshi et al study of healthcare workers 8 showed a similar result regarding deployment-related concerns for family, but an equivalent finding was not observed in this study. This may be accounted for by different exposure perceptions of paramedics and hospitalbased workers, where the latter may perceive greater exposure risk including secondary infection and contamination. It is relevant in this regard that the Qureshi study detailed findings from the 2003 SARS epidemic in Canada.
Personal resilience emerged as one of the strongest predictors of response readiness in this study. This finding indicates that an individual's perceived general capacity to adapt to stressful circumstances correlates highly with selfrated readiness for CBRNE terrorism. There is little empirical information available regarding resiliencemediated response readiness within emergency medical personnel, although Paton et al have examined these factors in recent modeling of police readiness for terrorism. 10 They define resilience in this operational context as ''adaptive capacity'' and suggest that adaptation to novel, high-threat environments is mediated by the appraisal framework (''schema'') an individual is able to employ at such times and how readily it guides interpretations and actions.
In the current study, both resilience and response readiness were perceptions reported by participants, and it is possible that the observed association reflects a common underlying construct, such as self-efficacy. To further test the current findings, a future study could assess actual or simulated incident response to determine if perceived resilience predicts demonstrated CBRNE competencies. Such a finding may have implications for recruitment and selection processes.
This study has several limitations. Our definition of ''readiness'' reflected the aim of assessing perceived response competence regarding CBRNE terrorism, but the extent to which this may be associated with actual CBRNE task performance remains unclear. While higher perceived competence is known to be associated with enhanced task performance in some organizational settings, 22 specific evidence for this in the emergency response context remains limited. Similarly, ''readiness'' in this study does not specifically incorporate response willingness, which is well represented in the available literature. The cross-sectional design of this study captures only a snapshot view of the assessed indices, and no firm conclusions can be made regarding causes.
Although equal weighting was given to the 5 competence ratings (CBRNE) constituting the readiness indicator, organizations may not necessarily seek equivalent levels of preparedness across these risk scenarios. Like the current findings, other recent paramedic data show higher self-rated preparedness for conventional and chemical incidents and somewhat lower preparedness for biological and radiological/nuclear incidents, 23 likely reflecting readiness priorities based on broader risk assessments. This particular finding also had the effect of lowering overall readiness ratings in the current study.
Training was considered recent if it occurred within the past 3 years. However, ''residual'' CBRNE training effects over longer periods (eg, 3-5 years) may have affected the current findings. As noted, it is also possible that the benefits to readiness of response experience are cumulative, which would not have been evident based on the dichot-
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omized response set for this question. Further research could explore the relative benefits of CBRNE incident experience using a more detailed measure.
It was notable that low/moderate self-rated resilience was associated with the lowest readiness score of any group. This study did not specifically assess mental health or related occupational health issues, and confounders such as clinical/subclinical depression or low job satisfaction may also have affected the current findings. 24 Our primary intent was to examine general adaptive capacity (resilience) as a potential ''protective'' factor supporting CBRNE readiness that may be further developed. However, these preliminary findings suggest that lower levels of personal resilience represent a distinct risk factor for CBRNE response readiness and warrant further research to identify contributing factors, their effects on wider role function, and their potential remediation.
Conclusion
The results of this study support other recent findings showing that paramedic CBRNE training is associated with higher perceived readiness to respond to CBRNE terrorism and related incidents. This study adds to the existing literature detailed information about the specific effects of occupational and dispositional factors on such readiness and how factors such as training and incident experience may mediate these effects. The current findings support the suggestion that training allows responders to more readily perceive these situations as comprehensible and actionable, whereas incident experience alone may not confer such benefits. This information will assist emergency medical planners in recognizing and developing strategic and workforce factors associated with enhanced CBRNE readiness.
